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Abstract 
In the literature it is mentioned that ski boots might decrease balance ability and this increases injury risk. The use of knee 
braces during skiing might help in knee stabilization and, therefore, improve balance ability. Eight female sport students 
participated in this study (age 24.88±2.1 years; BMI 21.6±1.97). Four knee supports were tested: the first (B1) was a soft knee 
sleeve with a reinforcement around the patella and two thin flexible metal bars for the lateral stabilization; the second (B2) was 
a neoprene sleeve with thin flexible metal bars for the lateral stabilization; the third (B3) was an elastic brace with double-joint 
metallic bars for the lateral stabilization, a reinforcement and a hole around the patella and fixation straps; the fourth (B4) was a 
massive knee brace with a more rigid structure ideated to return to sport after injury. The balance ability test was performed 
using the MFT-S3 Check System. The test was repeated five times, one without knee brace and one with each type of knee 
brace, in randomized order. Wearing the B3 a worsening in balance ability in comparison with the condition without brace was 
found. Wearing B2 the stability index (symmetry of the platform movement) in the anterior-posterior direction was significantly 
better than wearing the more cumbersome braces B3 and B4. No significant differences between the conditions were detected 
for the balance ability in the medio-lateral direction. From this pilot study it is possible to conclude that knee braces might 
influence balance ability wearing ski boots.  
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1. Main text  
1.1 Introduction 
Balance ability plays an important role during skiing. When the skier loses balance injuries might happen (Natri 
et al. 1999). Ski boots impede the balance regulation at the ankle, and the regulative mechanisms have to be 
compensated by the knee and hip joints (Milder et al. 2010). 
The most common injuries during skiing involve the knee (Burtscher et al. 2008, Ruedl et al. 2009). Women are 
more susceptible to anterior cruciate ligament injuries (ACL) than men (Ruedl et al. 2009). 
Knee braces and sleeves are nowadays commonly used for injuries prevention and return to sport after injuries 
(Rishiraj et al. 2009, Kelvin et al. 2007). Although of the use of knee supports during sport activity is accepted, it is 
still not clear if and when they have a positive effect in balance control. Palm et al. (2010) found a better balance 
ability wearing a knee brace. Kaminski and Perrin (1996) could, as well, find an improvement in the double stance 
antero-posterior balance ability wearing a brace, but, they did not find any influence during single stance testing. 
Furthermore, Birmingham et al. (2001) found that knee braces improve balance ability only testing on a stable 
platform with eyes open, however, these improvement fade away as soon as the test condition required more effort 
from the somatosensory system (e.g. eyes closed and instable platform). Bruhn and Gollhofer (2002) demonstrated 
that the knee flexor muscles are stimulated by wearing a knee brace during simulated injury situations. A higher 
activation of the knee flexor muscles might help in preventing Anterior Cruciate Ligament injuries (Hewett et al. 
2005, Malinzak et al. 2001). 
To the best of our knowledge nobody evaluated the effect of knee braces on balance ability wearing ski boots. 
The objective of this study was to determine if knee braces influence balance ability wearing ski boots. Knee braces 
might stimulate the receptors at the knee (Palm et al. 2010) and therefore help in the correction to the balance 
ability impairment that ski boots might produce. 
 
1.2 Methods 
Eight female sport students without knee injuries took part in the study (age: 24.88±2.1 years, BMI: 21.6±1.97). 
The subjects had to bring their own ski boots and ski socks. They were all informed about the test methods and 
risks and signed a written consent before starting the test. The test procedure was approved by Institutional Review 
Board. 
Four knee supports were tested: the first (B1) was a soft knee sleeve with a reinforcement around the patella and 
two thin flexible metal bars for the lateral stabilization; the second (B2) was a neoprene sleeve with thin flexible 
metal bars for the lateral stabilization; the third (B3) was an elastic brace with double-joint metallic bars for the 
lateral stabilization, a reinforcement and a hole around the patella and fixation straps; the fourth (B4) was a massive 
knee brace with a more rigid structure ideated to return to sport after injury (Fig.1). 
 
 
 
 
 
 
 
 
 
        
Fig. 1. Knee supports used for the test (from the left to the right B1, B2, B3, B4). 
The test was conducted on the MFT-S3 Check platform (TST Trend Sport Trading GmbH) showed in Fig. 2. 
This test system consists of a platform connected with tilt sensors (precision: 0.5°, frequency: 100 Hz, range: ±20°) 
which measure the platform tilting from the horizontal position in the antero-posterior and medio-lateral directions. 
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The integrated software calculates three parameters which reflect the balance ability of the tested subject. The 
Sensomotoric Index is calculated by the numbers and the amplitude of the oscillation of the platform form the level 
position. The Symmetry Index gives the amount of time in percent during which the platform is away from the 
level position. These two indexes are enrolled in the calculation of the Stability Index. The three indexes might take 
values between 1 and 9, where 1 means a good performance and 9 a bad performance. The reliability of the MFT-
S3 Check was proved by Raschner et al. (2008). 
Each subject had a 10 min warm up on a cycle ergometer (100 W). To avoid the influence of training effect on 
the test, 6 training trials for the antero-posterior direction and 6 trials for the medio-lateral direction on the MFT-S3 
Check wearing ski boots but without knee supports were performed. 
Five minutes after the warm up and training phase, the test started. Each subject performed the test one time 
without knee support and one time for each knee support, in randomized order. Each test trial consisted in 2 
repetitions in the antero-posterior and two repetitions in the medio-lateral direction; the first direction was selected 
in randomized order. Each repetition last for 30 s with 15-s-break between the two consecutive repetitions and 
about 2 min during the test direction change. Between the trials each subject had at least 5-min-break. The 
repetition with the best Stability Index was selected for the further analysis. During the test the subject had to keep 
the hands on the hips, the legs slightly flexed and to look straight forward. 
The statistical analysis was performed with SPSS 18. The normal distribution of the data was examined with the 
Kolmogorov-Smirnov-Test. An ANOVA for repeated measurement was used to analyze the differences between 
WKHWHVWZLWKRXWNQHHVXSSRUWDQGWKHWHVWVZLWKWKHIRXUNQHHVXSSRUWV7KHVLJQLILFDQFHOHYHOZDVVHWDWĮ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Subject during the test. 
1.3 Results 
All the data were normal distributed. A significant difference between conditions was found for the Stability 
Index in the antero-SRVWHULRUGLUHFWLRQS ). The post hoc analysis showed that this difference was between 
the condition without brace and the B3. Wearing the B3 the subject had a worse balance ability than without knee 
supports. Moreover the B2 significantly improves the Stability Index in the antero-posterior direction in 
comparison with B3 and B4 S DQGS The Sensomotoric and the Symmetry Indexes did not show 
any significant difference between the conditions. In the medio-lateral direction no differences were found. 
 
Table 1: mean and SD for the MFT-S3 Check Indexes. *: significant difference to the control condition. 
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Indexes Without (mean±SD) B1 (mean±SD) B2(mean±SD) B3(mean±SD) B4(mean±SD) 
Stability 4.76±0.98 4.93±0.90 4.64±0.81 5.43±0.98* 5.33±1.08 
Sensomotoric 3.83±1.09 3.78±1.29 3.60±0.85 3.96±0.77 4.14±1.17 
Symmetry 40.75±10.18 40.5±13.62 49.63±14.14 40.25±11.44 41±9.87 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Stability Index in the antero-posterior direction. *A statistically significant difference was found between the condition without knee 
support and B4, between B3 and B4 and between B3 and B5. 
 
1.4 Conclusion 
The main result of this study is a significant worsening in the balance ability in the antero-posterior direction 
wearing the B3 in comparison with the condition without knee supports. Observing the results reported in Fig. 3 it 
is possible to note that also B4 caused an evident worsening in balance ability, although not statistically significant. 
The explanation for these results might lie in the design of these two braces which are the most rigid and 
cumbersome braces. The B3 and B4 might constrict the knee movements, creating a discomfort feeling which 
might influence the balance control. 
The best results in terms of Stability Index in the antero-posterior direction were found with the B2. Wearing the 
B2 the Stability index was significantly better that wearing the B3 and B4. The B2 was a light sleeve without 
fixation straps or rigid side bars, which slightly compresses the joint region without impeding the full range of 
motion. It shows how important the knee support construction and design might be for balance ability. An 
uncomfortable feeling around the knee may disturb the signal generation of the skin receptors and worsen balance 
control. 
The results found wearing the B2 might originate in a positive stimulation of the skin receptors wearing the 
sleeve (Palm et al. 2010). This sleeve produces a light compression around the joint, without inhibit or compromise 
the movements. Palm et al. (2010) found a better postural stability on the Biodex Stability System wearing a knee 
brace and justified their results with an additive stimulation of the Ruffini receptors and skin receptors at the joint. 
This explanation can be applied also to the present results. The light pressure around the knee exerted by B2 may 
add stimulation to the receptors involved in balance control. The results of the present study also confirm the 
*
*
*
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results of the study of Kaminski and Perrin (1996), where an improvement in balance ability wearing a knee brace 
was found in the antero-posterior direction but not in the medio-lateral direction. 
Balance ability plays an important role during skiing. Mildner et al. (2010) demonstrated that the use of ski 
boots worsens balance ability and concluded that this decline might be caused by a constraint of the ankle 
movements. Because of this limitation at the ankle, the balance control has to be transferred to the knee and the hip. 
For this reason, the use of a knee brace which stimulates the receptors at the knee joint without impeding the 
movement might help in balance control as may happen wearing the B2 in this study. A better balance ability 
during skiing may ensure a lower injury risk, helping in maintain equilibrium and re-gain it when necessary. 
It has to be considered that this study was just a pilot study, where only 8 subjects were tested. A bigger sample 
size is required to confirm the results. 
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